We investigated Staphylococcus aureus contamination of the hand rims and handles of wheelchairs for common use on hospital wards by wiping with gauze. Examination of the hand rims of a total of 20 wheelchairs revealed methicillin-sensitive S. aureus (MSSA) and/or methicillin-resistant S. aureus (MRSA) on 17 wheelchairs (85.0%), and MRSA on 11 (55.0%). The mean ± SD (range) density of MRSA contamination was 320.8 ± 812.3 (2-2.8×10
Introduction
There have been many studies on methicillin-resistant Staphylococcus aureus (MRSA) contamination of environmental surfaces of various apparatuses and instruments such as the side rails of beds [1] , overbed tables [1] , mattresses [2] , door handles of hospital rooms [3] , stethoscopes [4] , pens [5, 6] , tourniquets [7] , and computers [8, 9] . However, to the best of our knowledge, there have been no studies on MRSA contamination of wheelchairs ( Figure 1 ) that frequently come into direct contact with the hands of patients and medical staff.
The aim of this study was to investigate S. aureus contamination of the hand rims and handles of shared wheelchairs used in hospital wards.
using the swab or gauze wipe method to determine which method yielded a higher S. aureus detection rate. Subsequently, the handles of 20 wheelchairs were examined by wiping with gauze. In addition, the hand rims of 10 wheelchairs were wiped with ethanol for disinfection, and microbial contamination was then evaluated. An interview survey of nurses was also performed to determine the status of use of shared wheelchairs on the wards. 
Quantification of MRSA and methicillin-sensitive S. aureus (MSSA) and total bacterial count on surfaces wiped with swabs
The surface of each wheelchair hand rim was wiped using a swab moistened with sterile physiological saline. The swab used for wiping was then placed in a tube containing 1 mL of sterile physiological saline. The tube was manually stirred for about 5 s and ultrasonicated (Sine Sonic 100, Ikemoto Rikagaku Co., Tokyo, Japan) at 36 kHz for 10 min [10] . Each sample was diluted 10-fold, 100-fold, and 1000-fold in sterile saline; two aliquots (0.2 mL each) of a diluted and an undiluted sample were plated on one salt egg yolk agar plate (Nissui Pharmaceutical, Co., Tokyo, Japan) and one Trypticase Soy Agar ® (Nippon Becton Dickinson Co., Tokyo, Japan). These media were incubated for 48 h at 35℃, and colony-forming units (cfu) were then counted. Yellow colonies on the plates with a pearl-ring formation in the surrounding medium were subjected to Gram staining, morphological examination, the coagulase test (STAPHYLO LA SEIKEN ® , Denka Seiken Co., Tokyo, Japan), and testing with an Api Staph ® (Analytab Products, Plain View, New York, USA) to determine whether they were S. aureus. The cfu count on the Trypticase Soy Agar ® was regarded as the total bacterial count.
The methicillin sensitivity of cultured S. aureus was determined using an MRSA screening agar containing 6 μg/mL of oxacillin (Nippon Becton Dickinson Co., Tokyo, Japan). When l0 or more cfu of S. aureus were detected, 10 colonies were randomly selected and their methicillin sensitivity was determined. The MRSA or MSSA count per wheelchair hand rim was estimated from the ratio of methicillin-resistant to methicillin-sensitive colonies.
Quantification of MRSA and MSSA and total bacterial count on surfaces wiped with gauze
The surface of each wheelchair hand rim and handle was wiped using sterile gauze (10 × 20 cm) moistened with sterile physiological saline. The gauze used for wiping was placed in a 100 mL bottle containing 20 mL of sterile physiological saline. This bottle was manually stirred for about 5 s and ultrasonicated (Sine Sonic 100, Ikemoto Rikagaku Co., Tokyo, Japan) at 36 kHz for 10 min. Each sample was diluted 10-fold, 100-fold, and 1000-fold in sterile saline; two aliquots (0.5 mL each) of a diluted and an undiluted sample were plated on one salt egg yolk agar plate and one Trypticase Soy Agar (diameter 5 cm; Nippon Becton Dickinson Co., Tokyo, Japan) that was placed on salt egg yolk agar plates and incubated for 48 h at 35℃ [11] . Methods for the identification of S. aureus and the methicillin sensitivity of S. aureus were similar between the two wiping methods, i.e., with swabs or gauze.
When the membrane filtration technique revealed 20 or fewer cfu of S. aureus, the results obtained using this technique were regarded as S. aureus counts on the surface. When the membrane filtration technique revealed more than about 20 cfu (when S. aureus cfu could not be counted), S. aureus counts on the surface were calculated from the diluted inocula on egg yolk agar.
Evaluation of the effects of wiping with ethanol for disinfection
The right hand rims of 10 wheelchairs were wiped twice with sterile gauze (10 × 20 cm) soaked in 80% (v/v) ethanol (Ethanol IP for Disinfection, Kenei Pharmaceutical Co. Ltd., Osaka, Japan) at an interval of 1 min, and after 1 min S. aureus contamination was evaluated by wiping with gauze. The left hand rim was used as a control on which S. aureus contamination was also evaluated without wiping with 80% (v/v) ethanol.
Statistical analysis
Statistical differences were analyzed using the Wilcoxon U-test.
Results
An interview survey of nurses on the status of shared wheelchair use in the hospital showed that the wheelchairs did not receive regular cleaning or disinfection. The wheelchairs were kept in ward corridors, and each was used approximately once daily or once every 2 days. ) cfu/hand rim. A comparison between the two wiping methods showed no significant difference in the density of S. aureus (MSSA and/or MRSA), MSSA alone, MRSA alone, or MRSA and MSSA detected but there was a significant difference in the total bacterial count (p < 0.0001). The detection rate therefore did not differ significantly between the two methods. When the handles of 20 wheelchairs were wiped with gauze, S. aureus (MSSA and/or MRSA) was detected on 4 (20.0%) and MRSA on 3 (15.0%). S. aureus density was 15.8 ± 18.4 (range 1-40) cfu/handle (Table 2 ). S. aureus was not detected on any of the 10 hand rims wiped with ethanol for disinfection after 1 min (Table 3) . 
Discussion
The three main methods to detect environmental microbial contamination use a swab [1, 8, 12, 13, 14, 15, 16] , gauze wipe [3, 17, 18] , and agar plate [19, 20] . The agar plate method is not appropriate for evaluating the contamination of the handles or hand rims of wheelchairs. Therefore, we compared the level of S. aureus contamination detected using the swab and gauze wipe methods. The density of S. aureus (MSSA and/or MRSA) detected was 47.2 ± 66.2 (range 5-220) cfu/hand rim using a swab and 242.4 ± 661.2 (range 2-2,780) cfu/hand rim using a gauze wipe. Although no significant difference was observed, the mean S. aureus density found using a gauze wipe was 5-fold that using a swab. The total bacterial count found differed significantly between the two methods. The swab method is widely used due to its straightforwardness in studies on environmental contaminants. However, the results of this study showed that the gauze wipe method is more useful than the swab method.
Using the gauze wipe method, the hand rims of wheelchairs examined in this study were frequently found to be contaminated with MRSA (11/20 wheelchairs, 55.0%). The highest MRSA density was 2.8 × 10 3 cfu/hand rim. On the other hand, a previous study showed that MRSA was detected on 8.7% of door handles of hospital rooms at a density of 1-6 × 10 3 cfu/handle [3] . Another study detected MRSA on 38% of side rails of beds at a density of 1-197 cfu/bed [17] . The density of MRSA contamination on the hand rims of wheelchairs found in this study was similar to that on the handles of hospital doors [3, 17] .
Since wheelchairs as well as door handles of hospital rooms are sometimes contaminated with high levels of MRSA, regular disinfection is indispensable. After the wheelchair hand rims were wiped with ethanol for disinfection, no S. aureus was detected. Therefore, when wheelchairs are shared by patients, wiping with ethanol for disinfection after each use can prevent the transmission of MRSA [21, 22] . Both the incidence and level of contamination were lower on the handles than on the hand rims of wheelchairs. This may be because the surface area of the handles is smaller than that of the hand rims and patients touch the handles less frequently.
Conclusion
The hand rims of wheelchairs examined in this study were frequently found to be contaminated with MRSA (11/20 wheelchairs, 55.0%). The highest MRSA density was 2.8 × 10 3 cfu/hand rim. The incidence of S. aureus contamination and its density were therefore higher on hand rims than on handles. After the hand rims were disinfected by wiping with 80% (v/v) ethanol, S. aureus was not detected on any of them. Since S. aureus may potentially be transmitted via shared wheelchairs, their disinfection after every use is recommended.
